Objectives We examined changes in sleep-onset difficulties over time and associations with physical activity and screen time behavior among adolescents. Methods We used data from last four survey waves of the Health Behavior in School-Aged Children (HBSC) study (2002-2006-2010-2014). Multilevel logistic regression analyses were conducted to explore associations between regular sleeping difficulties, excessive screen time exposure and being insufficiently physically active (i.e., \ 60 min daily) among 33 European and non-European countries.
Introduction
Adolescents, defined as young people between the age of 10 and 19 years old, have often been considered as having a low burden of disease and relatively good physical and mental health compared with other stages of the life course (Gore et al. 2011) . Nevertheless, the period of adolescence is characterized by many changes, such as physical changes in weight, height
Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00038-018-1188-1) contains supplementary material, which is available to authorized users. and muscle mass, as well as changes in lifestyle behaviors (Christie and Viner 2005) . A number of health-related behaviors (e.g., physical activity, sedentary behavior and nutrition and sleep) are shaped during adolescence and impact health during adolescence, but also have profound consequences for cardio-metabolic health during adulthood (Ekelund et al. 2012) .
In 2014, Canadian researchers emphasized the importance of using a 24-h approach to study the link between several health behaviors and actual health status (Irish et al. 2014 ). This 24-h approach stresses the importance of all health behaviors performed in a day, including sleep, physical activity and sedentary behavior, to explain health outcomes. Sleep is an important health behavior as humans sleep approximately one third of a day (Irish et al. 2014) , it impacts the circadian metabolic effects and allows the brain to rest and consolidate day experiences (Brand and Kirov 2011) . Furthermore, insufficient sleep has been associated with bad mood, high blood pressure, increased risk of type II diabetes, higher engagement in risky behavior and drowsy driving and lower academic performances (Hysing et al. 2016; Owens 2014; Short et al. 2013) .
However, sleep has been largely neglected in the past as an important health behavior. The 24-h approach also emphasizes the need to better understand how waking behaviors such as physical activity and sedentary behavior are associated with sleep, as it is hypothesized that these behaviors are interrelated (Irish et al. 2014) . For example, an association between screen time (a highly prevalent type of sedentary behavior) and sleep difficulties can partly be explained by the exposure to blue light, which increases the alertness of the individual and may induce difficulties in falling asleep (Boniel-Nissim et al. 2015; Nuutinen et al. 2013) . The association between sleep and physical activity has been hypothesized to be bidirectional, i.e., engagement in physical activity is associated with better sleep, but evidence is also accumulating that poor sleep may also lead to lower physical activity levels (Kline 2014) . The association between physical activity and sedentary behavior is not univocal, with some studies reporting an inverse association (Pearson et al. 2014; Tanaka et al. 2017) , while others reported no association (Borraccino et al. 2009; Serrano-Sanchez et al. 2011) . Recently, the interrelation between sleep, screen time and physical activity was tested within a large sample of English adults and showed that low physical activity levels, high screen time levels and poor sleep duration tend to cluster. The clustering of these three behaviors was much more prevalent in overweight or obese adults compared to a normal weight group, showing that these health behaviors are linked with obesity Cassidy et al. (2017) . One recent U.S. study found that more daily screen time was associated with worse sleep quality, while lower physical activity was associated with more awakenings at night and higher sleep fragmentation among girls aged 7 to 12 years with a low socioeconomic status (Greever et al. 2017) . Also, Chilean girls aged 12 years with low screen time and high physical activity levels reported lower prevalence of sleeping difficulties, compared to those with high screen time and low physical activity levels (Aguilar et al. 2015) . Finally, a study among Chinese college students showed a positive association between screen time and sleeping difficulties, but no association was found between physical activity and prevalence of sleeping difficulties (Wu et al. 2015) . However, large scale studies examining the association between these three behaviors in an international context are currently lacking. Additionally, no studies have explored this association among adolescents in a European context.
International trend analyses showed a strong increase in screen time among adolescents during the past decade, while physical activity levels generally remain low and efforts to increase physical activity seem to have small but positive effects on the prevalence of adolescents being sufficiently physically active (Bucksch et al. 2016; Inchley et al. 2017; Kalman et al. 2015; Nelson et al. 2006) . Only limited information is available on how the prevalence of sleeping difficulties has changed during the past decade (Kronholm et al. 2015; Pallesen et al. 2008b ). Since physical activity and screen time have been shown to be related to sleeping difficulties, it would be informative to describe the trends in sleeping difficulties together with the trends in physical activity and screen time.
Sleeping difficulties is a term which has been used in a wide range of contexts and can cover many problems related to bad sleep. The current study focusses on difficulties in falling asleep. Limited information is available on the prevalence of difficulties of falling asleep among adolescents. To the authors' knowledge, there is only one paper which describes the changes in difficulties on falling asleep among a sample of Norwegian adolescents and found that prevalence increased significantly between 1983 and 2005 (Pallesen et al. 2008a) . No evidence is available on how this prevalence might have changed during the last decade, how this might differ across countries, and limited information is available on factors associated with these problems with falling asleep. Therefore, the aim of the current study was twofold. First, we aimed to describe the prevalence of sleep-onset difficulties, insufficient physical activity and excessive screen time in 33 European countries between 2002 and 2014. Second, the aim was to examine the associations of physical activity and screen time with sleep-onset difficulties and whether these associations have changed over time and differ between countries.
Methods
Data from the four most recent waves of the Health Behavior in School-Aged Children (HBSC) (2002-2006-2010-2014) were used for the current analysis. The HBSC study is a large international study developed by an international network of researchers, in collaboration with the World Health Organization (WHO) Regional Office for Europe. The study aims to obtain insights into health behaviors and well-being among school children via a selfreported questionnaire which is repeated every 4 years (HBSC 2018) .
The current study includes only those 33 countries/regions which participated in the four waves (BelgiumFlemish and French part; UK-Scotland, Wales and England). Sample selection protocols were described previously (HBSC 2018) . Questionnaires, which were in the national language of the participating areas, were completed in schools by adolescents aged 11, 13 and 15 years. For the purposes of the current study, questions regarding physical activity, screen time and sleep-onset difficulties were included in the analyses, along with age, gender and material socioeconomic position, measured using the Family Affluence Scale (Currie et al. 2008) . Physical activity was self-reported by the adolescents as the number of days of being physically active at moderate-to-vigorous intensity for 60 min in the past 7 days (range: 0-7) (Prochaska et al. 2001) . Screen time behavior was measured by responses on three different questions (''How many hours a day, in your free time, do you usually spend watching TV, videos, DVDs, and other entertainment on a screen?''; ''How many hours a day, in your free time, do you usually spend playing games on a computer, games console, tablet (like iPad), smartphone or other electronic device (not including moving or fitness games)?''; and ''How many hours a day, in your free time, do you usually spend using electronic devices such as computers, tablets (like iPad) or smart phones for other purposes, for example, homework, emailing, tweeting, Facebook, chatting, surfing the internet?'') separately for week and weekend days. Nine response categories were possible, ranging from none at all to up to more than 7 h daily. These responses were treated as continuous and were thus recoded as follows: none at all = 0, half an hour a day = 0.5, about an hour a day = 1.0, etc. Average daily screen time was calculated by summing these three behaviors for week and weekend days separately, which were used to create a weighted average mean (= (5 9 weekday ? 2 9 weekend day)/7 days) (Rey-López et al. 2010) . Sleep-onset difficulties were assessed by a single item: ''how often in the past six months did you have difficulties in falling asleep?'' Response categories were ''about every day,'' ''more than once a week,'' ''about every week,'' ''about every month'' and ''rarely or never.'' The three behaviors were dichotomized to conform with the current international health guidelines for physical activity and screen time, i.e., being physically active for 7 days (1) or not (0) (World Health Organization 2011), exceeding 2-h daily screen time (1) or not (0) (American Academy of Pediatrics: Children, adolescents, and television 2001) and having difficulties in falling asleep ''about every day/more than once a week'' (1) or less (0) (Irish et al. 2014 ).
Analysis
First, prevalence (%) was calculated for each country/region (n = 33) for each survey year (2002, 2006, 2010, 2014) for not meeting the physical activity guidelines (= less than 7 days physically active for at least 60 min in last 7 days), exceeding screen time guidelines (= more than 2 h per day) and having regular sleep-onset difficulties (= about every day and more than once a week). Twelveyear differences were calculated (prevalence of behavior in 2014 -prevalence in 2002) and mapped on geographical areas (i.e., countries) to illustrate geographical differences in the changes over time, with the use of Tableau Software. A mean score was calculated per country if region information was available (i.e., Belgium and UK). Positive trends were marked green, while detrimental (unfavorable) changes were marked red. Second, a multilevel logistic regression model was fitted in R studio, using the lme4 package, in order to assess whether sleep-onset difficulties could be explained by exceeding the screen time guidelines and not reaching the physical activity guidelines. Adolescents were clustered within year by country units, which in turn were clustered within countries [i.e., three-level model (Fairbrother 2013) ]. A stepwise model fitting approach was used, by first fitting a time effect model (model 1), and then age, gender and FAS were added (model 2). Age and FAS were centered around their mean. In order to be able to assess the relative rank within the socioeconomic hierarchy across different time points and cross-national contexts, FAS scores were transformed to ridits corrected for survey year, country, gender and age. A ridit is a proportional rank score that represents the proportion (P) of observations with lower scores plus one-half the proportion with equal scores Ridit j¼ P jÀ1 n¼1 P 2n þ P 2j 2 . Physical activity was added to model 2 (model 3a), followed by screen time (model 3b), and physical activity and screen time simultaneously (model 3c). In model 4a and model 4b, a random slope over country was allowed to test whether associations differed across countries, for physical activity and screen time, respectively. Finally, interactions between physical activity and time (model 5a), and screen time and time (model 5b) were tested to examine whether associations of physical activity and screen time with sleep-onset difficulties have changed over time. Model fit was compared using Akaike information criterion and Bayesian information criterion (AIC and BIC, respectively) values. Loglikelihood ratio tests were conducted to examine significant Trends in sleeping difficulties among European adolescents: Are these associated with… 489
improvements/deteriorations in model fits. Significance was set at a \ 0.05. Table 1 shows an overview of the sample descriptives across the 4 years. Age and sex distributions are comparable across survey years. Prevalence of sleep-onset difficulties and excessive screen time increased over time, while a small increase in the prevalence of sufficient physical activity can be observed. Additionally, an increase in mean daily screen time can be observed.
Results

Sample descriptives
Descriptive trends in sleep-onset difficulties, physical activity and screen time Different time trends can be observed across countries (see Table 2 ). Figures 1, 2 and 3 geographically illustrate the magnitude of the 12-year changes in sleep-onset difficulties, screen time and physical activity. In most countries, an increase in the prevalence of sleep-onset difficulties was observed over 12 years, except for Greece (-4.3%), Spain (-4.1%), Norway (-2.0%), England (-1.7%) and Portugal (-1.3%). In 2014, on average around 20% of the adolescents had regular difficulties in falling asleep, but prevalence ranged from 9.6% in Ukraine to 37.4% in France. For physical activity, 19 out of 33 countries (58%) showed a positive change over 12 years, i.e., decreases in the proportion of adolescents not being moderately or vigorously physically active every day (see Fig. 2 ). However, prevalence of insufficient physical activity was still very high across all countries with, on average, 80% of adolescents being insufficiently physically active in 2014 ranging from 89.9% (Italy) to 72.2% (Finland). It can also be observed that most countries improved their physical activity levels from 2002 to 2006, followed by a small decrease in physical activity in 2010 and again small increases in physical activity levels from 2010 to 2014.
Prevalence of exceeding the 2-h screen time/day has increased in almost all countries, except for Israel (-1.6%) and Lithuania (-27.7%) (see Fig. 3 ). Around 90% of the adolescents in the participating countries exceeded the guidelines of 2 h of daily screen time in 2014, ranging from 56.7% in Lithuania to 95.4% in the Netherlands. It can also be observed that countries with lower prevalence in 2002 had larger increases in their prevalence for excessive screen time (and vice versa, e.g., Israel), and differences between countries decreased over time. In 2014, prevalence of excessive ST was over 90% in 12 out of 33 countries. Age (mean ± SD, years) 13.5 ± 1.7 13.6 ± 1.7 13.6 ± 1.6 13.6 ± 1. Detrimental evolutions are marked bold, and positive changes are marked italics
Trends in sleeping difficulties among European adolescents: Are these associated with… 491 (model 2), i.e., age, gender and FAS were significantly associated with the odds of having regular sleep-onset difficulties. Adolescents aged 1 year older had 2.3% higher odds (95% CI: 1.019-1.027) of having sleep-onset difficulties. Higher affluent groups had 3.3% (95% CI: 0.964-0.970) lower odds of having sleep-onset difficulties compared to the lower affluent groups. Girls had 44.0% (95% CI: 1.421-1.458) higher odds to report sleep-onset difficulties. Adding conformity to the physical activity guidelines into the model (3a) only slightly improved the model fit, and physical activity was not significantly associated with sleep-onset difficulties. Adding conformity to the screen time guidelines to model 2 increased the model fit and illustrated a positive association between excessive screen time and the odds of sleep-onset difficulties (model 3b). Adolescents exceeding the guidelines for screen time had 20.1% (95% CI: 1.178-1.225) higher odds of reporting regular sleep-onset difficulties. In model 3c, both conformity to the physical activity and screen time guidelines were added simultaneously to the model and showed a slightly better model fit compared to model 3b in which only screen time was added. This model confirms that adolescents who exceeded the screen time guidelines had higher odds of reporting regular sleep-onset difficulties even after adjustment for physical activity. In model 4a and model 4b, a random country slope was added for physical activity and screen time, respectively, and each showed a significant increase in model fit [model 4a vs 3a Chi Table 3 , model 5b).
Discussion
The current study was the first to describe co-occurrence of trends in sleep-onset difficulties, physical activity and screen time, and to examine the association between sleeponset difficulties, physical activity and screen time among a large sample of mainly European adolescents.
Across the majority of countries, unfavorable changes were observed for screen time and sleep-onset difficulties, while physical activity levels slightly increased over time. Results indicated increases in the prevalence of sleep-onset difficulties over time [odds ranged between 1.208 (model 1) and 1.279 (model 4a)]. The prevalence of sleep-onset difficulties differed across gender (girls had 44% higher odds of reporting sleep-onset difficulties), socioeconomic groups (lower SES was associated with more sleep-onset difficulties) and age groups (older adolescents reported more sleep-onset difficulties). These differences in sleeponset difficulties between sociodemographic groups were found in some previous studies (Lundqvist 2014; Wiklund et al. 2012) . However, the existence of these differences needs further investigation. As sleep-onset difficulties may lead to the development of more serious sleeping disorders (e.g., impairment of sleep onset, sleep maintenance, premature final morning awakening and non-restorative sleep) and delayed sleep time disorders, it is important to identify appropriate strategies to decrease the prevalence of sleeponset difficulties. For example, adolescent could be stimulated to develop consistent sleep schedules, given that adolescents with a schedule on both weekdays and weekends experience less difficulties in falling asleep than their counterparts with inconsistent sleep schedules (Mindell and Owens 2010) .
Excessive screen time gets more prevalent over time, and in many countries, more than 90% of the adolescents exceeded the recommendations of 2-h screen time daily. This increase in excessive screen time was recently Trends in sleeping difficulties among European adolescents: Are these associated with… 493 described in the HBSC International report 2014 (Inchley et al. 2017 ) and can be attributed to a rapid increase in computer/tablet/smartphone use for both gaming and nongaming purposes. Although not investigated within the current study, it can be hypothesized that this increase is mainly explained by the increased use of smartphones among adolescents during the past few years (Škařupová et al. 2016) . Smartphones are portable and accessible screen time devices, and especially when used before going to bed, they negatively influence sleep quality and quantity (Christensen et al. 2016) . This shift in content of screen time may explain our finding that the strength of the association between screen time and sleep-onset difficulties increased over time.
The prevalence of sleep-onset difficulties was related to the prevalence of excessive screen time, but no association was found with physical activity, which is in contrast to findings of a previous study conducted in Switzerland, which found that high physical activity groups had less sleep-onset difficulties compared to low physical activity group (Lang et al. 2013) . It might be that no association was found in our study due to our crude measure of physical activity. In-depth analyses illustrated that in some countries significant associations were found, with most of them being negatively associated with sleep-onset difficulties, but in some regions also positive associations were found (results not shown). More research including more detailed assessment of physical activity (e.g., time of the day, intensity and duration of physical activity) is needed to explore the association between physical activity and sleep-onset difficulties. It could be hypothesized that sleep quality or sleep quantity improves the night following the physical activity session, if it is not performed just before sleeping time (Kline 2014) . However, such information is not available within the HBSC study. Similarly, no information was available on the timing of screen time, although it could be hypothesized that screen time right before bedtime may have the largest implications on difficulties in falling asleep (Hale and Guan 2015) . In the current study, only difficulties in falling asleep were examined, while other elements related to sleep such as sleep duration, sleep quality, differences in sleep duration between week and weekend days, sleep hygiene and other sleep problems are also important to examine in future studies. Furthermore, more insights are needed in how associations might differ across countries and regions, as Trends in sleeping difficulties among European adolescents: Are these associated with… 495 Table 3 continued Model 4a
Model 4b
Model 5a
Model 5b no overall association between physical activity and sleeponset difficulties was found, but sub-analyses showed significant associations in some regions. Therefore, there is need for more in-depth study on physical activity and sleep, in order to prevent careless made conclusions that physical activity is not related to sleep/sleep problems.
Strengths and limitations
This study pioneered to present an international overview of trends over time in sleep-onset difficulties in a large international sample, highlighting an emerging health problem which has often been neglected in past health behavior studies. This study was limited to mainly European countries, and future studies should explore whether these trends are also observed in other regions such as the U.S. and Australia, and how associations may differ for in, for example, regions which are characterized by high mobile device use. Additionally, more insights are needed in the relationship between physical activity, screen time and other sleep-related health behaviors or outcomes, as this information was not available in the current study. A second limitation was the use of selfreported measures, which are prone to social desirability and recall bias. Also, screen time levels may have been somewhat overestimated in the current study, due to the co-occurrence of screen time activities. The use of objective measures which can assess both physical activity, screen time or sedentary behavior in general and sleep would overcome these limitations and allow researchers to further examine the 24-h approach. This may generate better understanding of the associations between these three behaviors as information on the specific moment of the day, intensity and duration of the activities can be obtained.
Conclusions
To conclude, findings of the current study indicate that sleep-onset difficulties are an emerging health problem. Additionally, findings suggest that interventions are needed to lower the prevalence of excessive screen time, which could lead to less difficulties in falling asleep among adolescents. However, more insights into the determinants of sleep-onset difficulties (and sleep in general) are needed, as screen time is only one pathway associated with sleeponset difficulties, and little is known on other potential influencing factors.
